the potential of PGx with the survey noting that 90% of pharmacists wanted to learn more about PGt and testing, with webbased continuing education being identified as a major delivery preference. 6 Efforts have been undertaken to increase the breadth and depth of PGx education for pharmacists and student pharmacists. 7 The Accreditation Council for Pharmacy Education (ACPE), as of July 2016, requires pharmacy programs to include medical genomics as part of their curricula, previously, this was only a recommendation. 7 Specifically, Doctor of Pharmacy curricula are to address the "genetic basis for disease and individual differences in metabolizing enzymes, transporters, and other biochemicals impacting drug disposition (pharmacokinetics) and action (pharmacodynamics) that underpin the practice of personalized medicine." 7 The role of pharmacists in applying genetics was further defined through the updating of pharmacist's competencies in genetics/genomics, including PGx. 8, 9 Live genetics/genomics/PGx certification programs with ACPE accredited continuing education were introduced to provide advanced genetics/genomics/PGx education. [10] [11] [12] These live efforts, however, were only able to reach a fraction of the target population. In this article, we report the findings of a study to evaluate an online genetics/genomics/ PGx certificate training program (PGx program) offered to increase knowledge of pharmacists and student pharmacists specifically related to pharmacist's competencies in genetics/ genomics/PGx. 8, 9 The specific goal of this study was to evaluate pharmacists' and student pharmacists' self-assessed perception of competence related to genetics/genomics/PGx.
Methods
We modified a previously reported methodology for the administration of a certificate training program, with a selfstudy and live component which resulted in a statistically significant increase in pharmacist self-assessed perception of competence related to pharmacogenomics. 13 The modification was designing the content to be delivered online. Individuals who registered for the PGx program received a textbook (postal mail or download) to be used for self-study. 14 The online PGx program, developed by pharmacy faculty with expertise in pharmacogenomics, consisted of 2 modules, the first being "the science" of PGx. This module used the textbook, with the subject matter including the mechanisms of expression of genetic information, genetic variation from a molecular point of view, and genetics related to pharmacokinetics (PK) and pharmacodynamics (PD). Overall, there were 11 lessons in module 1 ( Table 1) . The second module, covering competency-related "practical applications of PGx" consisted of 11 lessons, including pharmacist competencies in genetics/genomics, the pharmacists' patient care process, PGx patient cases, and the process of buccal swabbing for collection of cheek cells as a DNA source (Table 1) . While the competencies were discussed as specific lessons, the entire content of the PGx program was related to pharmacist competencies in genetics/genomics/PGx. The PGx program course content also included a study guide to be used with the course textbook, term matching exercises, links to Clinical Pharmacogenetics Implementation Consortium (CPIC) guidelines and quizzes for each of 3 science background lessons as well as 8 drug-gene interaction chapters.
In the fall of 2015, the online delivery of the PGx program was made available from an industry pharmacy education provider, with co-providership from a national pharmacy organization. On registration, the participant was required to complete an online pre-course survey related specifically to the pharmacist competency statements (Table 2) . Here, 16 statements, across 4 pharmacist genetics/genomics competency domains, including "Basic Genetic Concepts (B)" (statements 1-B1 through 5-B5), "Genetics and Disease (G)" (statements 6-G1 through 8-G3), "Pharmacogenetics/Pharmacogenomics (P)" (statements 9-P1 through 10-P3), and "Ethical, Legal, and Social Implications (E)" (statements 11-E1 through 16-E5) were evaluated on a 5-point Likert-type scale of "strongly disagree," "disagree," "neither disagree nor agree," "agree," and "strongly agree." 14 Video presentations including competency reviews and patient cases were also included as online content. In addition, chapter quizzes, the mid-term exam, and final exam were housed and completed online. The post-course pharmacist competency statement survey (identical to the precourse survey) was made available online and completed immediately on completion of the program.
The participants were to use the online study guide and textbook and complete each chapter quiz. Missing a question on a given quiz resulted in the participant being prompted to study the material again and take the quiz again. There was no limit to the number of times a student could take a particular quiz. At the completion of the textbook lessons (1 through 11), the students took a comprehensive online mid-term exam.
Participants then viewed online presentations, typically "voiced over" PowerPoint® presentations which addressed different competency-related areas. Participants viewed online clinical cases, again as narrated PowerPoint® presentations including those in the area of cardiology, pain management, neurology, and discharge planning of a more complicated patient. Participants had to complete a comprehensive online final exam including questions on specific competencies and case-related questions.
For the pre-and post-course surveys, as previously described, ordinal data related to students' self-assessed competency in PGx was noted using the median and interquartile range (IQR). 10 Response distribution was examined between the pre-and post-course surveys for each item using the MannWhitney U test. For all statistical analyses, the level of significance was set a priori at a P-value of less than .05. All data were analyzed using SPSS (version 21.0, SPSS, Inc., Chicago, IL, USA). Descriptive statistics related to the Likert-type scale The mean value rounded to the closest assigned Likert-type scale label is shown for the pre-and post-survey competency statements. 
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were used for the course evaluation/online delivery utility survey. The study was approved by the university Institutional Review Board.
Results
From September 2015 through February 2018, 287 individuals were registered to take the PGx program online. Of these, 137 participants completed the PGx program (47.7%) during the time frame of our study. The other individuals may have stopped their progression in the program for unknown reasons or were still in the process of completing the program. Of the 137 participants who completed the PGx program, 63 were student pharmacists (46%) and 74 were pharmacists. The student pharmacists were second-and third-year students from 2 pharmacy programs who used the online PGx program offering it as an elective certificate training course, with one program providing academic credit. Across competency statements, overall (n = 137), the participants reported self-perceived improved competency as evidenced by the post-program survey as compared with the pre-program survey for each of the 16 competency statements (Table 2; Figure 1 ). Across the 4 domains for all competency statements, there was a statistically significant between the preand post-program survey responses (P < .05). Considering the 4 competency domains, there was a "shift" of approximately one (1) point along the scale toward agree/strongly agree. In the "Basic Genetic Concepts" domain, respondents' perceived competency for statements 1-B1 and 2-B2 moved from "agree" to "strongly agree." Respondents' perceived competency for statements 3-B3 and 5-B5 moved from "neutral" to "agree," while their perceived competency related to statement 4-B4 remained at "agree." In the "Genetics and Disease" domain, respondents' perceived competency for statements 6-G1, 7-G2 and 8-G3 moved from "agree" to "strongly agree." Relative to the domain "Pharmacogenetics/Pharmacogenomics," respondents' perceived competency for each statement, 9-P1, 10-P2, and 11-P3 moved from "neutral" to "strongly agree." In the "Ethical, Legal, and Social Implications" domain, the perceived competency related to statements 12-E1, 13-E2, and 14-E3 moved from "agree" to "strongly agree." The perceived competency relative to statement 15-E4 moved from "neutral" to "agree," while perceived competency relative to statement 16-E5 moved from "neutral" to "strongly agree." Subgroup analysis revealed similar results for the student pharmacist subgroup. There were 3 differences noted. Competency statement 3-B3 moved from "neutral" to "strongly agree"; competency statement 7-G2 remained the same at "agree"; and competency statement 10-P2 moved from "agree" to "strongly agree. Figure 2 presents the percentage of student pharmacists responding relative to the Likert-type scale for each competency statement before and after the PGx education program.
For the pharmacist subgroup, in the "Basic Genetic Concepts" domain, respondents' perceived competency for statements 1-B1, 3-B3, 4-B4, and 5-B5 moved from "neutral" to "agree." Respondents' perceived competency for statements 2-B2 moved from "agree" to "strongly agree." In the "Genetics and Disease" domain, pharmacists' perceived competency for statements 6-G1 moved from "agree" to "strongly agree." Pharmacists' perceived competency related to statement 7-G2 moved from "neutral" to "strongly agree," while perceived competency related to statement 8-G3 moved from "neutral" to "strongly agree." Similar to the student pharmacist subgroup, relative to the domain "Pharmacogenetics/Pharmacogenomics," pharmacist's perceived competency for statements 9-P1 and 11-P3 moved from "neutral" to "strongly agree." In the "Ethical, Legal, and Social Implications" domain, perceived competency related to statements 12-E1 moved from "neutral" to "strongly agree," whereas perceived competency related to statements 13-E2 and 14-E3 moved from "agree" to "strongly agree." Finally, perceived competency relative to statement 15-E4 moved from "neutral" to "agree" and statement 16-E5 moved from "neutral" to "strongly agree." Figure 3 presents the percentage of pharmacists responding relative to the Likert-type scale for each competency statement before and after the PGx program.
For the entire study population, the largest absolute change in the pre-and post-program survey was related to statement 11-P3, "I can confidently recognize the availability of evidencebased guidelines that synthesize information relevant to genomic/pharmacogenomic tests and selection of drug therapy (e.g. Clinical Pharmacogenomics Implementation Consortium, or CPIC)." For this statement, the pre-program mean value was 3.19, being closest to the Likert-type scale label "neither disagree or agree" and the post-program mean value was 4.62, being closest to the Likert-type scale label "strongly agree."
Discussion
Education related to genetics/genomics competency statements was successfully delivered online. Pharmacists and student pharmacists alike perceived increased competency across domains related to genetics/genomics. The PGx program covered competencies across 4 domains, with an emphasis on PGx. As competencies related to pharmacogenetics/pharmacogenomics are related to other pharmacist practice domains (eg, pharmacokinetics), it is not surprising that this domain showed the greatest increase in perceived competency overall and for each subgroup. Competency statements related to PGx are almost exclusively found in the pharmacist competency set as compared with other health care provider competency sets. As education in genetics/genomics and PGx in particular was lacking in pharmacy education, it is not unexpected that a training program would increase competence knowledge. 6 The genetics/genomics competency center (G2C2) provides competency sets for pharmacists, physicians, physician assistants, nurses, and genetic counselors. 8 Across these health care provider groups, competency statements are most similar when considering ethical, legal, and social implications (ELSI).
7
This likely speaks to the broader education related to patient care, confidentiality, and privacy. Interestingly, overall, the ELSI domain with the largest "shift," based on the mean value, was related to the competency statement, "I can confidently identify the need to refer a patient to a genetic specialist or genetic counselor." The PGx program emphasized the role of the pharmacist in PGx, including when to refer patients. This, along with increased interprofessional education in pharmacy education and pharmacists being more integrated in patient care, may have influenced responses. 15, 16 In further comparison of competency sets, PGx-related statements are found only for pharmacists and physicians. The pharmacists' PGx competency statement (9-P1),
I am confident to demonstrate an understanding of how genetic variation in a large number of proteins, including drug transporters, drug metabolizing enzymes, direct protein targets of drugs, and other proteins influence pharmacokinetics and pharmacodynamics relate to pharmacologic effects and drug response.
connects directly to PK and PD, subject matter that is a core component in pharmacy education, having been a standard component of professional degree programs for decades. 17, 18 Statement 10-P2, "I have a good understanding of the influence (or lack thereof ) of ethnicity in genetic polymorphisms and associations of polymorphisms with drug response," relates to pharmacy curricular content that was likely more recently included as mandated by ACPE, starting in July 2016. 7 The 
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final statement (11-P3) in the "pharmacogenetics/pharmacogenomics" domain, "I can confidently recognize the availability of evidence-based guidelines that synthesize information relevant to genomic/pharmacogenomic tests and selection of drug therapy (e.g., Clinical Pharmacogenomics Implementation Consortium, or CPIC)," corresponds to the emphasis on the use of evidence-based guidelines in pharmacy education. 19 Physician competency statements related to PGx include more general contexts, eg, "Discuss pharmacogenomics implications for future health," "Treat the patient who has the disease, i.e., be aware of the patient's needs as an individual who also has a genetic disease or pharmacogenomic variation," and "Be familiar with the available databases and resources relevant to genetic variation, including ongoing clinical trials involving patients with genetic disorders, pharmacogenomics, and patientoriented Internet resources from reliable organizations," being appropriate for this discipline. 8, 20 Pharmacogenomics education in pharmacy has been expanding in recent years, with professional and academic certificate programs being offered, as well as advanced pharmacy practice opportunities for students. 7, [10] [11] [12] 21 Also, pharmacy residency opportunities exist post-graduation. 22 In addition, dedicated graduate programs in pharmacogenomics are an option for advanced training in PGx. 23, 24 Although education in the traditional sense is expanding, these efforts reach relatively few professionals and health professions students. Approaches to expanding PGx education, whether competency-based, knowledge-based, or other, must be explored to identify ways to reach a broader audience and therefore expand opportunities to improve patient care by optimizing drug regimens based on genetic variations.
While this study showed that online delivery of PGx competency education can be successful, this study did not assess actual competency. It has been shown that self-perceived competency by medical students does not translate to actual competency as related to writing prescriptions. 25 However, this study was intended to evaluate the education of individuals relative to the competency statement and assess their selfperceived competency. Introducing student pharmacists and pharmacists to the competency statements is intended to lead to recognition of professional responsibilities in the application of PGx.
One limitation to the online delivery is the lack of a direct experiential component where standardized patients can be employed to provide experience through simulated clinical decision-making utilizing pharmacogenomic data. 13 Also, the PGx program here emphasized pharmacist-related material more so than subject matter related to other disciplines, eg, genetic-related disease risk. A broader online offering would likely reach an interprofessional population, thus further enforcing the team approach to patient care. Participants went through the program at different times and the time to complete the program varied among the participants. The pre-and post-program surveys were taken at different times and during this time, the participants may have been exposed to other PGx information. This could have influenced/biased the results. Baseline pharmacist knowledge was not assessed and therefore some participants may have had some prior PGx knowledge.
Finally, this was an acute study and the long-term effect of the training program has not been assessed and is unknown.
Conclusions
In conclusion, we described the successful online delivery of a pharmacogenomics certificate training program that expands access to genetics/genomics/PGx competency education in an effort to improve patient care by optimizing the safety and efficacy of medications based on genetic factors. Other programs for pharmacists are now being offered and further programs need to be developed to address the PGx education gap for other health care providers, health professions students, and the public.
